Appln.No. 10/007,618 

Amdt. dated December 19, 2005- 

Reply to Office Action of June 1 7, 2005 

REMARKS/ARGUMENTS 

Claims 1-7, 12-15 and 17-19 have been rejected under 35 USC 102(b) as anticipated by 
JP 3-240219 A ("JP '219"). Reconsideration and withdrawal of this rejection are requested in light 
of the following remarks. 

Claim 1 is directed to a semiconductor wafer holding system for holding wafers in position 
within a transfer chamber during transfer of the wafers between an ambient atmosphere and an 
inspection chamber which is at vacuum pressure. The transfer chamber is interposed between the 
ambient atmosphere and the inspection chamber, and is subjected to alternating depressurization 
and repressurization. While it is within the transfer chamber, the wafer is held on a paddle having 
openings therein adapted to be covered by the wafer. The paddle is fixedly arranged in the transfer 
chamber. A drawing means is provided to inhibit motion of the wafer in the transfer chamber 
during at least one of the alternating pressurization and depressurization by providing a pressure 
differential for drawing the wafer to the wafer-receiving surface of the paddle. 

In summary, some key features of the present invention include the following: 

1 . a transfer chamber for the wafers, 

2. an inspection chamber which is at vacuum pressure, 

3. the transfer chamber is subjected to alternating depressurization and represurrization, 

4. the wafer is placed upon a paddle which is fixedly arranged in the transfer chamber, 
and 

5. the drawing means inhibits motion of the wafer by applying a pressure differential 
during at least one of the alternating depressurization and repressurization of the 
transfer chamber. 
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The USPTO provided only an English abstract of JP '219. Applicant has obtained a 
translation of the entire document, and a copy is enclosed. 

JP '219 discloses two mechanisms for holding down wafer 107, with one applying a 
negative pressure suction force and the other applying an electrostatic attractive force. As explained 
in detail on pages 7-9 of the enclosed English translation of JP '219, it performs the following 
sequence: 

1 . Evacuation chamber 1 04 is placed under atmospheric pressure. 

2. Wafer 107 is placed on holder 108 within chamber 104. 

3. Suction is applied to vent 301 to hold wafer 107 (Note: no evacuation yet of chamber 104). 

4. More suction is applied to vent 302 to flatten wafer 107 (Note: no evacuation yet of 
chamber 104). 

5. Electrostatic voltage is applied to electrode 305 so that wafer 107 is held on holder 108 by 
an electrostatic attractive force (Note: no evacuation yet of chamber 104). 

6. As explained in the middle of page 9 of the translation, "Then, the gate valve 106 is closed, 
and the inside of the evacuation chamber 104 is evacuated by the evacuation pump 112." 
Thus, it is clear that during depressurization of chamber 104, wafer 107 is held down by the 

electrostatic attraction force, not by the negative pressure suction force. 

Claim 1, as amended herein, specifies that the drawing means inhibits "motion of the wafer 
in said transfer chamber during at least one of the alternating depressurization and repressurization, 
wherein said drawing means are arranged to provide a pressure at said openings which is lower than 
pressure prevailing in said transfer chamber." As is clearly evident from the explanation of JP '219 
provided above, it holds down the wafer with an electrostatic attractive force during 
depressurization and, thus, does not anticipate claim 1 . 



-20- 



Appln. No. 10/007,618 

Amdt. dated December 19, 2005- 

Reply to Office Action of June 17, 2005 

Thus, claim 1 is clearly allowable over JP '219 under 35 USC 102 as well as under 35 USC 

103. 

Claims 3-9 and 12 are dependent upon claim 1, either directly or indirectly, and thus each is 
allowable therewith. 

Independent claims 13 and 17 include the above-discussed distinctive features of the present 
invention and, therefore, are also allowable over JP '219. 

Claims 14 and 15 depend from claim 17 and, thus, each is allowable therewith. 
Claims 18 and 19 depend from claim 17 and, thus, each is allowable therewith. 
Applicant gratefully acknowledges the allowance of claims 22-34. 

Withdrawn claims 10 and 11 depend from allowable claim 1. Thus, a rejoinder of these 
claims is in order. 

Claim 16 depends from allowable claim 13. Thus, a rejoinder of claim 16 is in order. 
Claims 20 and 21 depend from allowable claim 17 and, thus, a rejoinder of these claims is in 

order. 

Based on all of the above, it is respectfully submitted that the present application is now in 
proper condition for allowance. Prompt and favorable action to this effect and early passing of this 
application to issue are respectfully solicited. 

Should the Examiner have any comments, questions, objections or recommendations, the 
Examiner is invited to telephone the undersigned at the telephone number given below for prompt 
action. 
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It is believed that no additional fees or charges are required at this time in 
connection with the present application. However, if any fees or charges are required at this 
time, they may be charged to our Patent and Trademark Office Deposit Account No. 03-2412. 



Respectfully submitted, 

COHEN, PONTANI, LIEBERMAN & PAVANE 



By 
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Thomas Langer 
Reg. No. 27,264' 
551 Fifth Avenue, Suite 1210 
New York, New York 10176 
(212) 687-2770 



Dated: December 19, 2005 
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ABSTRACT : 

PURPOSE: To increase the suction force of a thin tabular specimen to a 
holding part and to facilitate a mounting/dismounting of the specimen by a 
method wherein a negative pressure is caused in a space part, which is formed 
between the specimen and the holding part, the specimen is held by a negative 
pressure suction force and an electrostatic voltage is applied between the 
specimen and an electrode in the holding part. 

CONSTITUTION: A wafer transfer robot 109 is actuated, a wafer 107 delivered 
from a wafer cassette 110 is placed on a holder 108 on a holder transfer arm 
116, then, the holder 108 is placed on a holder table 111 in an exhaust chamber 
104 . Then, a vent hole 302 for wafer suction use in the table 111 and a 
ventilating flow path 303 in the holder 108 are evacuated, the pressure in the 
hole 302 and the flow path 303 is turned into a negative pressure and the wafer 
107 is held on the holder 108 by a negative pressure suction force and is 
flattened with sufficient accuracy. After that, the table 111 is moved 
downward. Thereby, terminals 304 come into contact to terminals 306 and when 
an electrostatic voltage is applied to an electrode 305, the wafer 107 is held 
on the holder 108 by an electrostatic suction force and the suction force of 
the wafer to the holder is increased. 
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SPECIFICATION 

1. Title of the Invention: APPARATUS AND METHOD FOR 

MOUNTING SPECIMEN 

2 . Claims 

(1) A specimen mounting apparatus characterized by 
comprising : 

voltage applying means for generating an electrostatic 
attractive force between a laminar specimen and a holding 
section; and 

a ventilation flow path formed in the holding section, 
wherein one end side of the ventilation flow path is 
faced with the specimen, and evacuation means is connected 
to the other end side of the ventilation flow path. 

(2) A specimen mounting method characterized by comprising 



generating a negative pressure in a space formed 
between a laminar specimen and a holding section, to hold 
the specimen on the holding section; and 

subsequently applying an electrostatic voltage having a 
predetermined magnitude across the specimen and an electrode 
in the holding section. 

3. Detailed Description of the Invention 
[Technical Field of the Invention] 

The present invention relates to a specimen mounting 
apparatus to be installed in, for example, an electron beam 
exposure system for rendering an LSI pattern or the like on 
a wafer serving as a laminar specimen, or a semiconductor 
processing system for performing wafer processing such as 
deposition or etching with respect to a wafer. 
[Description of the Related Arts] 

For example, in the electron beam exposure system, for 
the purpose of processing a wafer under a vacuum, there has 
hitherto been provided a specimen mounting apparatus for 
holding the wafer on a specimen stage by a spring force or 
an electrostatic attractive force (namely, by virtue of a 
so-called electrostatic chuck) . 
[Problems to be Solved by the Invention] 

However, since such a specimen mounting apparatus uses 
only a spring force or an electrostatic attractive force, 
there is a limit to the force with which the specimen 
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hunting apparatus can now the wafer. Therefore, even 
though the specif hunting apparatus is merely capable of 

flatten the wafer when the wafer h„, 

water has warpage that is 

required to be corrected. 

This is because, depending on initial conditions in 
which the wafer is held on the holding section, for example, 
pending on whether the wafer is in a reduced pressure 
atmosphere or in an atmospheric air, how much the warpage of 
the wafer at the initial stage of holding is, or whether 
^st is present between the wafer and the holding section, 
the effective contact area contributing to the wafer holding 
significantly varies, and hence the electrostatic attractive 
force greatly varies. 

for example, in the case of a specimen mounting 

apparatus configured to «,,f™ 

perform specimen holding using an 

electrostatic attractive force *i„„» 

ve rorce alone, e.g., when a wafer of 

6 lnCheS "" P ^ ° £ 50 «» « maximum before being held 

the specimen mounting apparatus can reduce the warpage only 
to nearly 40 urn at maximum even if 300 V is applied across 
the wafer and the holding section to generate an 
electrostatic attractive force. 

Furthermore, in such a specimen mounting apparatus 
using an electrostatic attractive force alone, electric 
charges stay at an insulation section of the electrostatic 
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chuck even after the voltage application has been released, 
so that the wafer may be unable to easily separated from the 
wafer holding section due to a residual electrostatic force 
and/or by a residual effect of an attractive force between 
the wafer and the electrostatic chuck, the attractive force 
being based on an intermolecular attractive force. 

The present invention has been made in order to solve 
the above-described problems. The object of the present 
invention is to provide a specimen mounting apparatus and a 
method therefor that are capable of increasing an attractive 
force between the specimen and the holding section, and also 
facilitating the mounting/dismounting of the specimen. 
[Means for Solving the Problems] 

To achieve the above-described object, the invention 
according Claim 1 is characterized by including voltage 
applying means for generating an electrostatic attractive 
force between a laminar specimen and a holding section; and 
a ventilation flow path formed in the holding section, 
wherein one end side of the ventilation flow path is faced 
with the specimen, and evacuation means is connected to the 
other end side of the ventilation flow path. 

Also, the invention according Claim 2 is characterized 
by including generating a negative pressure in a space 
formed between a laminar specimen and a holding section, to 
hold the specimen on the holding section; and subsequently 
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applying an electrostatic voltage having a predetermined 
magnitude across the specimen and an electrode in the 
holding section. 
[Operation] 

In the arrangements of the present invention, typically, 
the evacuation means is firstly operated to place the inside 
of the ventilation flow path under a negative pressure, and 
to generate a negative suction force between the laminate 
specimen and the ventilation flow path, whereby the laminate 
specimen on the holding section is flattened. Next, a 
voltage is applied across the laminate specimen and the 
holding section to generate an electrostatic attractive 
force . 

Thereafter, in order to separate the laminate specimen 
from the holding section, the above-described application of 
the voltage is released, and further the evacuation means is 
operated to place the ventilation flow path under a positive 
pressure . 
[Embodiment] 

Fig. 1 shows an example of electron beam exposure 
system eguipped with the specimen mounting apparatus 
according to the present invention. This electron beam 
exposure system is configured to directly perform rendering 
on a wafer 107 serving as the laminate specimen. 

Specifically, on a vibration isolation base 101, there 
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are provided a vacuum container 103 having an electro-optic 
barrel 102, an evacuation chamber 104, a wafer transfer 
robot 109, a wafer cassette 110, and so on. The vacuum 
container 103 and the evacuation chamber 104 are connected 
with each other through a gate valve 105, and the evacuation 
chamber 104 has a gate valve 106. A holder transfer arm 116 
is movably installed between the vacuum container 103 and 
the evacuation chamber 104. The wafer transfer robot 109 is 
configured to be able to perform the delivery/receipt of the 
wafer 107 between the wafer cassette 110 and the holder 
transfer arm 116. 

An evacuation pump 115 is connected to the vacuum 
container 103, which has a specimen stage 114 provided 
therein. Also, an evacuation pump 112 is connected to the 
evacuation chamber 104, which has a holder table 111 
arranged therein. On the holder table 111, a holder 108 
serving as a holding section can be placed. An evacuation 
pump 113 serving as evacuation means is connected to the 
holder 108. 

In the vacuum container 103, e.g., an LSI pattern or 
the like is rendered on the wafer 107 on the holder 108 
arranged on the specimen stage 114. 

Figs. 2(a) and 2(b) show details of the holder 108 for 
holding the wafer 107 thereon and its peripherals. The 
holder table 111 is configured to be able to be moved up and 
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down by an ascent/decent mechanism (not shown), and to place 
thereon the holder 108 delivered onto the holder transfer 
arm 116. 

Fig. 3 shows the holder 108, the holder table 111, and 
the like in more detail. As shown in Fig. 3, in the 
cylindrical holder table 111, a wafer suction vent 302 is 
formed in the center portion thereof. In an outer periphery 
of the vent 302, a wafer suction vent 301 is formed 
coaxially with the vent 302. Also, a guide pin 308 is 
projected from the holder 108. 

In the holder 108, there is provided a ventilation flow 
path 303 constituting a center portion and its outer 
periphery communicating therewith, and the ventilation flow 
path 303 communicates with the above-described wafer suction 
vent. Furthermore, in the holder 108, an electrode 305 for 
use in electrostatic voltage application is formed 
substantially in parallel with the top surface of the holder 
108. A terminal 304 is connected to the electrodes 305, and 
opposed to a terminal 306 of the holder transfer arm 116. 
The terminal 306 is connected to wiring 307 in the holder 
transfer arm 116. 

Next, operations of the above-described embodiment will 
be described. 

At the initial stage of wafer mounting operation, the 
gate valve 106 is opened, and the inside of the evacuation 
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chamber 104 is placed under an atmospheric pressure. In 
this state, the wafer transfer robot 109 is operated to 
place the wafer 107 delivered from the wafer cassette 110 on 
the holder 108 on the holder transfer arm 116. Then, the 
holder transfer arm 116 is moved via the gate valve 106 to 
place the holder 108 on the holder table 111 in the 
evacuation chamber 104. 

Thereafter, the inside of the holder suction vent 301 
in the holder table 111 is evacuated to a negative pressure, 
whereby the holder 108 is held on the holder table 111 by a 
negative pressure suction force (namely, by virtue of a so- 
called vacuum chuck) . Here, the holding of the wafer 107 on 
the holder 108 is performed by the guide pin 308 on the 
holder 108 with a predetermined accuracy. 

Next, the inside of each of the wafer suction vent 302 
in the holder table 111 and the ventilation flow path 303 in 
the holder 108 is evacuated to a negative pressure, whereby 
the wafer 107 is held on the holder 108 by a negative 
pressure suction force, and simultaneously, it is flattened 
with sufficient accuracy. For example, for the wafer of 6 
inches, its warpage can be reduced to the level of 1 pm at 
maximum. 

Thereafter, the holder table 111 is moved downward, and 
when the terminal 304 and terminal 306 make contact with 
each other, an electrostatic voltage is applied to the 
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electrode 305. Thereupon, the wafer 107 is held on the 
holder 108 by an electrostatic attractive force. In this 
situation, since the wafer 107 has been sufficiently 
flattened by the negative pressure suction force operated 
thereon, the wafer 107 has obtained a large contact area 
with the top surface of the holder 108. This has made the 
electrostatic attractive force operating on the wafer 107 
sufficiently large. 

Then, the gate valve 106 is closed, and the inside of 
the evacuation chamber 104 is evacuated by the evacuation 
pump 112. The negative pressure suction force operating on 
the wafer 107 decreases as the evacuation progresses, 
whereas the electrostatic attractive force operating on the 
wafer 107 is still kept strong. Here, the evacuation of the 
evacuation chamber 104 causes the negative pressure suction 
force operating between the holder table 111 and gate valve 
106 to be substantially disappear. Thereafter, upon moving 
the holder table 111 downward, the holder 108 is singly 
delivered onto the holder transfer arm 116. 

When the inside of the evacuation chamber 104 is 
sufficiently depressurized, the gate valve 105 is opened, 
and the holder transfer arm 116 transfers the wafer 107 held 
by the holder 108 onto the specimen stage 114 in the vacuum 
container 103. Also in the specimen stage 114, there is 
provided electrostatic voltage applying means like the 
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terminal 306 and the wiring 307, and the impartment of an 
electrostatic attractive force to the wafer 107 is always 
performed . 

When the holder transfer arm 116 moves outside the 
vacuum container 103, the gate valve 105 is closed, and 
rendering of an LSI pattern or the like is started. After 
the rendering has been performed, the gate valve 105 is 
again opened, and the holder 108 is moved from the vacuum 
container 103 to a position above the holder table 111 in 
the evacuation chamber 104 by a movement of the holder 
transfer arm 116. At this time, the holder table 111 is 
located at the lowermost position thereof due to the above- 
described downward movement thereof. 

Next, the holder table 111 is moved upward to make 
contact with the bottom surface of the holder 108. Then, 
after having closed the gate valve 105, the evacuation pump 
112 is stopped, and leakage is started so that the inside of 
the evacuation chamber 104 becomes an atmospheric pressure. 
Then, the inside of the holder suction vent 301 is evacuated 
to hold the holder 108 on the holder table 111 by a negative 
pressure suction force. Thereafter, when the holder table 
111 is moved to the uppermost position thereof, the 
application of the electrostatic voltage has been released. 

After that, when the pressure in the wafer suction vent 
302 and the ventilation flow path 303 in the holder is set 
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to be a pressure somewhat higher than the atmospheric 
pressure, the separation of the wafer 107 from the holder is 
easily performed. Next, the gate valve 106 is opened, and 
the wafer 107 that has been subjected to rendering is 
transferred to the wafer cassette 110 by the wafer transfer 
robot 109. 

In this manner, rendering processing with respect to 
one wafer is completed. In order to subsequently perform 
processing with respect to a next wafer, the above-described 
operations are repeated. 

In the above-described explanation of the embodiment, 
for the sake of simplification of description, for example, 
during the evacuating operation with respect to the inside 
of the evacuation chamber 104, the delivery operation of the 
holder 108 to the holder table 111 or the holder transfer 
arm 116, and further the delivery operation of the wafer 107 
to the holder 108, the original operation of the electron 
beam exposure system, such as pattern rendering, is brought 
to a halt. However, in ordinary practice, in order to 
improve the productivity of the system, the system is 
arranged to be able to perform concurrent processing between 
original wafer working of the system and the mounting of a 
subsequent wafer. Specifically, for example, by providing 
an intermediate chamber between the evacuation chamber 104 
and the vacuum container 103, arranging two of the above- 
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described holder tables 111 in this intermediate chamber, 
and using three or more holders 108, the above-described 
concurrent^ processing operations can be easily implemented. 
[Advantages] 

As described above, according to the construction as 
recited in Claim 1, the specimen mounting apparatus is 
characterized by including voltage applying means for 
generating an electrostatic attractive force between a 
laminar specimen and a holding section; and a ventilation 
flow path formed in the holding section, wherein one end 
side of the ventilation flow path is faced with the specimen, 
and evacuation means is connected to the other end side of 
the ventilation flow path. Therefore, when a laminar 
specimen is held on the holding section, not only an 
electrostatic attractive force but also a negative pressure 
suction force is allowed to operate on, so that the laminar 
specimen is held on the holder in a state of being 
sufficiently flatten. Hence, when the mounting apparatus 
according to the present invention is used, the electron 
beam exposure system equipped with this mounting apparatus 
allows the laminar specimen to be subjected to work 
processing in a flattened shape, thereby enabling the 
achievement of high-accuracy work processing of laminar 
specimen. As a result, in the electron beam exposure system 
or the like, which performs rendering directly on the wafer 
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serving as a laminar specimen, it is possible to eliminate 
the need for a wafer height detector or the correction of a 
beam irradiation position based on a detection result, 
thereby allowing the simplification of the system. It is 
further possible to avoid a trouble such as a poor 
separation, from the holder, of the wafer serving as a 
laminar specimen, the separation being prone to occur after 
the wafer serving as a laminar specimen has been strongly 
held by an electrostatic attractive force. This avoidance 
of the poor separation contributes to improved reliability 
of the entire system. 

According to the construction as recited in Claim 2, 
the specimen mounting method is characterized by including 
generating a negative pressure in a space formed between a 
specimen and a holding section, to hold the specimen on the 
holding section; and subsequently applying an electrostatic 
voltage having a predetermined magnitude across the specimen 
and an electrode in the holding section. Therefore, in 
addition to the effect of the construction according to the 
Claim 1, an electrostatic attractive force can be operated 
between the specimen and the holding section after the 
specimen has been held by a negative pressure, suction force. 
Hence, for example, in usual working processes, in which the 
initial stage of specimen mounting is performed under an 
atmospheric pressure environment, and in which the work 
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processing of specimen is performed under a reduced pressure 
environment, a series of work processing operations such as 
holding, correction, and working can be smoothly performed. 
This can further contribute to enhanced productivity. 
4. Brief Description of the Drawings 

Fig. 1 is a sectional side view showing an embodiment 
according to the present invention, wherein the embodiment 
is applied to an electron beam exposure system. Figs. 2(a) 
and 2(b) are diagrams showing the positional relationships 
among a wafer and holder section, a holder table, a holder 
transfer arm, wherein Fig. 2(a) is a plan view of the 
embodiment, and Fig. 2(b) is a side view thereof. Fig. 3 is 
a longitudinal sectional view of the embodiment shown in Fig. 
2(b). 

[Reference Numerals] 

107: wafer (specimen) 

108: holder (holding section) 

303: ventilation flow path 

305: electrode (voltage applying means) 

304 and 306: terminals (voltage applying means) 

113: evacuation pump (evacuation means) 
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FIG. 2(b) 

TO EVACUATION PUMP 
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